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Introduction
Senior Engineering Design Presentations (SEDP) were completed on December 8, 2020. This
memo outlines the completed Outdoor Wall Light Design and Manufacturing Process senior
design project.
Project Information
Cedaridge Condominiums needs new light fixtures for their garages. The current light fixtures are
40 years old and collect debris easily inside of them. These fixtures also have no capabilities to
focus the light, moving light upwards. A previous senior design group was tasked with replacing
these fixtures. It is our task to refine the final model created by the previous group so that the
fixture better fits the theme of the complex. Constraints such as following International Dark-Sky
Association requirements and using the existing wall mounted electrical box were crucial in the
design of our fixture. Our fixture was created first in Creo Parametric, a 3D CAD program, and
then created into a physical foam core model to then be tested.
Unfortunately, due to time constrains our group was unable to create a final model that would be
made from the desired materials. The foam core model was sufficient to see the light spread as
well as verify that it worked within the constraints. It also gave the group and idea as to how the
final model would look on the garage of the complex.
We moved forward with the manufacturing process and testing once the final design was chosen.
We chose a 0.063” 5000-grade aluminum for our material, and chose laser cutting and brazing to
create and assemble the fixture. Our model had less stress than the previous group’s model, so we
knew that our design was an improvement on the old one.
Conclusion
We were able to successfully go through the Engineering Design Process throughout this project
to design our part. The sponsor of the project liked the fixture we designed. It fit the theme and
scale of the complex. We were also able to fulfill all the requirements that the sponsor needed. A
manufacturing plan was created to develop 50 of the light fixtures designed while keeping the cost
reasonably low.
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Abstract
The outdoor wall lighting fixtures on the garages at the Cedaridge Condominiums, Kalamazoo,
MI are over 40 years and needed to be replaced. The first version of a new fixture which meets
the building’s mid-century design was created and made into a functional model in a previous
senior project. After six months of testing at Cedaridge, this model was redesigned and
improved. Creo Parametric software was used to model the redesign and to perform Finite
Element Analysis (FEA) to check for possible points of failure. The Dark Sky Association
requirements to avoid light pollution were met. A manufacturing process plan was created that
utilizes laser-cutting, hydraulic bending, and brazing. The evolved design and manufacturing
plan provided the Cedaridge Condominium Association with a potential future outdoor lighting
solution.
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Introduction to the Exterior Wall Fixture Project
The Cedaridge Condominium Complex in Kalamazoo, Michigan currently has lighting fixtures
on the exterior of their garages that are over 40 years old and need replacement. These lights
have glass globe covers that have a tendency of collecting dirt, bugs, and other debris. Another
issue with these lights is the amount of glare they produce since there is no control over the
direction of the light spread. This senior design project expanded the previous senior design
group that tackled coming up with a suitable replacement for these lights that addressed these
issues. The goal of this project was to redesign and refine the previous groups model, as well as
create a manufacturing plan that could be used to produce 50 of these light fixtures in the future.
The criteria for the Cedaridge Exterior Lighting Fixture Project were that the design had be
inexpensive and easy to manufacture. The design also needed to match the exterior style of the
buildings and must have access for easy bulb replacement. This meant having a design that was
square or having sharp angles. There were also constraints that we had for the project. The major
constraint was that the design must meet the International Dark-Sky Association’s requirements
for exterior lighting. The other constraint that was that the designed light had to be able to mount
on the existing wall mounted electrical boxes that the current light fixtures use. The project also
had to be completed within our sped-up timeline, while also having to adhere to the group
members’ personal schedules and COVID-19 Social Distancing guidelines.

International Dark-Sky Association
The International Dark-Sky Association (IDA) is the global authority committed to decreasing
the amount of light pollution. It was founded in 1988 by David Crawford and Tim Hunter, who
were both astronomers. Their mission statement is "to preserve and protect the nighttime
environment and our heritage of dark skies through quality outdoor lighting." (Strategic plan).
There are many criteria that must be met to follow the requirements from the IDA. These
requirements include lights only being on when needed, lights only being located where they are
needed, using bulbs that are not excessively bright and have a temperature grade no greater than
3000K, and the light must be forced downward to prevent light spread from exceeding 90°
(Outdoor lighting basics). There are multiple images on the IDA website to help show what light
fixtures would and wouldn’t be acceptable.

Previous Group’s Model
The previous senior design group was tasked with replacing the glass globe covers. Their fixture
had a flat top, with a rectangular design. It was made from a 0.063” aluminum sheet and has
aluminum tubing lining the front and top of the fixture, for a more interesting look that mimics
the garages at the complex.
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Figure 1: Previous Group’s Model on Garage Wall

The sponsor wanted our group to work off this design to create something more fitting for the
complex. The previous group created a light fixture that was large and did not fit the complex’s
theme. The sponsor wished to have a smaller fixture created. They also wanted the top of the
fixture to be slanted, so that debris can fall off, so it won’t have to be cleaned as often. Lastly,
they wanted to stay with a more angular design for the fixture. Using this information, we began
to work on redesigning and creating our light fixture.

The Redesign Process
Timeline
The group used a Gantt Chart to help schedule the tasks for this project. The scheduling for this
project was accelerated, due to the late start. The schedule is from the beginning of the project,
October 11th, to the final presentation on December 8th. Tasks for this project follow the
Engineering Design Process, which include defining the project’s problem, brainstorming and
starting research, redesigning the light fixture, rating designs, creating prototypes, and testing the
prototype.
We also spent a large portion of the time creating a manufacturing process for the designed
fixture. This included finding the right materials to use, the cost of materials, the manufacturing
processes used to assemble the design, and any aesthetic additions to the piece. We also planned
to speak with a sheet metal distributor to find realistic sheet metal sizes to use to make the part.
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Figure 2:Cedaridge Exterior Lighting Project Gantt Chart

7

Competition
There were different light fixtures in place that the condominium’s Board of Directors had
already looked at as possible solutions to replace their light fixtures. There were two different
light fixtures that were being considered. Both fixtures were cylindrical in design and were $64
and $67. These designs did not fit the theme of the buildings because of its shape but are
reasonably priced and more contemporary. Our group then must design a fixture that followed
the theme of the buildings and are under the cost of the fixtures that don’t need to be specially
manufactured. This will make our design more attractive to the condominium.

Figure 3: Competitor 1 ($67)

Figure 4: Competitor 2 ($64)

3D CAD Models
Each team member was assigned with designing a 3D CAD (Computer Aided Design) model of
a possible light fixture. A total of five 3D CAD models were created. The criteria that must be
followed included following IDA regulations, an angular design (easily manufactured), easy bulb
replacement, and match the style of the building at Cedaridge Condominium.
One design was more rectangular with filleted corners. This did not completely follow the
criteria provided but was created in case the sponsor liked the design and wanted to move
forward with it. Another model had opaque windows on the walls of the fixture. It was possible
that this would violate IDA requirements, but was deemed a possible design if the windows
could be manufactured so that light would not move upwards. The other three models were
variations of a cube, with either a chamfered edge, slanted top, and/or an arm to extend the
fixture off the wall.

Figure 5:3D CAD Light Fixture Models
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Dimensions were based off the previous Cedaridge Exterior Light Fixture group’s final design.
The sponsor mentioned how the group’s design was too large, so all models were designed to be
smaller than this existing model. These dimensions were then followed when the group moved
forward into creating foam core models of these designs.

Foam Core Models and Light Testing
Six models were taken from the 3D CAD models and were then created with foam core. This
was done to help show us the general light spread, size, and manufacturability of each model.
The 3D CAD models were not exactly recreated. Some models were simplified because certain
features were not needed to show the light spread.
Making the models out of foam core helped the group visualize the size of each design better.
One design had to increase in size to ensure that it would not be difficult to change a light bulb
when needed. Another design was deemed too complicated and was then simplified, so it would
not be difficult to manufacture.
All six models were built with 0.25” black foam core and were lined with aluminum foil. The
models were lined with aluminum foil to help represent the effect the light would have on the
oxidized aluminum of a complete working model. Once the models were created, they were then
tested with the same light bulb that would be used by Cedaridge Condominiums. The models
were also held up against the same piece of cardboard so that it would be easier to compare each
model’s light spread.

Choosing a Final Design
Multiple pictures were taken of each model as they were tested with the same light bulb and
cardboard structure. The group then compared each of the model’s, using these photos, to help
narrow down to three models to rate in a Pugh Matrix.

Figure 6: Foam Core Prototypes Tested with Light Bulb

Model 1 violated IDA requirements, so it was decided to not move forward. Models 2 and 5, on
the other hand, did not violate any IDA requirements and had a good light spread. Eventually,
these models were not chosen as they had a flat top and did not follow the criteria of this project.
This left the group with Models 3, 4, and 6 to put into the Pugh Matrix.
Six different criteria were assessed for each model put into the Pugh Matrix. Each model was
then given a numerical score in each criterion. Our scale was from 1-6, where 1 was the lowest
rating/worst performance, and 6 was the best rating/best performance. The models were also
9

compared to the model created by the previous group. The group did this to ensure that our
design would be fundamentally better, and therefore and improvement on the current design.
The design that was eventually decided on was Design 6. This design met IDA requirements,
was lightweight, with a good light spread and had an easy bulb replacement. Design 3 had a
lower cost rating and was deemed easier to manufacture, but still had a lower overall rating than
Design 6. These things were considered, and it was decided to move forward with Design 6
because of its overall high rating, and design approval from the sponsor.

Figure 7: Pugh Matrix for Exterior Light Fixture Design

Simplification of the Light Bracket
The current light bracket was complex and unique. It was designed by the previous group for
their project. It was able to move the bulb up and down and pivot along an axis. The goal of this
was to create a bracket that can be used for multiple different light fixtures. Doing this led to an
increase in cost, and the sponsor would have to create these brackets for every fixture. In
response to this, the sponsor stated they wanted a more “off the shelf” design that would be
easier to acquire.
Two different light sockets were looked at as possible replacements. The first option had a
ceramic exterior and would be attached to the fixture at a 90° angle. This would allow the light
bulb to point downwards. This light socket was simple and inexpensive. The second socket was
the same as the first one, but it had a plastic exterior around the ceramic. This helps protect the
socket against the elements. This socket was also able to be tilted if desired.
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Figure 8: Light Socket 1

Figure 9: Light Socket 2

The second light socket was chosen to be used for its weather resistance and durability. A simple
bracket that was chosen to be used with this socket would then be used to secure it to the light
fixture. Both items are available at hardware stores, so it gave the sponsor the “off the shelf”
design that they wanted.

Finite Element Analysis Testing
Finite Element Analysis (FEA) testing was done on the mounting holes of the light fixture. The
group wanted to find the amount of stress that would occur in these holes, and if they would
possibly fail under forces that would normally be applied to them. Two different types of forces
were used to test the mounting holes. One force was gravity, and the second was a combination
of gravity and wind. These results were then compared to the results of the previous group’s
model, as they had done the same type of testing.
First, we tested the effects gravity would have on the mounting holes. The previous groups
model was much heavier and larger than our updated model. This led to their model having a
larger amount of stress applied to their mounting holes. Their total Von Mises stress was
1.379x107 lbf /ft2. Our model had a Von Mises stress of 9.501x105 lbf /ft2 when the same amount
of force was applied. Our model had less stress than the previous group’s model, making it a
better option.

Figure 10: Previous Group Model’s Gravity Von Mises Stress

Figure 11: Our Model’s Gravity Von Mises Stress
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Next, we tested the effects of gravity and wind combined on the mounting holes. With the older
model having much more surface area and overall weight the mounting holes were subject to
more stress. With wind being a factor in this light fixture we decided to create more angled
surface to allow the fixture to be more aerodynamic. The previous cube shape didn’t allow for
any redirection of the wind. Also, the updated model brought the models center of gravity closer
to the mounting holes which also reduces the amount of sway caused by wind. With less
movement and better aerodynamics, the updated model greatly reduced the Von Mises stress on
the mounting holes.
The previous groups model was also inaccurate in this application as they did not apply wind and
gravity in the same test, they only applied a wind force. With the previous group’s wind force,
their Von Mises stress was 1.845x106 lbf /ft2. Our group tested our model with both the wind
force that the previous group used, combined with force due to gravity as gravity will always be
a factor in everyday applications. This analysis led to our mounting holes having a stress of
1.801x106 lbf /ft2. Our model had a smaller stress applied to its mounting holes with more force
applied to it, leading us to believe that we created a superior design. Through the results of these
analyses, our model is shown to be more robust and better suited for the forces that will occur on
a day-to-day basis.

Figure 12: Previous Group Model’s Winds Von Mises Stress

Figure 13: Our Model’s Gravity and Wind Von Mises Stress

Manufacturing Process
Materials
The material needed to make the overall light fixture structure is 0.063” aluminum sheet 5052H32. The 5000-grade aluminum allows us to bend the metal into the desired angles we need.
Some other grades of aluminum would not allow us to bend the metal because it would break
during the bending process. The sheet metal material will be bought from onlinemetals.com. This
supplier has the sheet metal sizes we need in an affordable cost. For the brazing process, we need
a filler material. We will use BAlSi-4 brazing filler material, as it was designated to be a good
brazing material for 5000 grade aluminum (Machinery’s handbook 30th edition, 2016, pp. 14891495). This material will not be counted in cost because it would be in the brazing labor cost.
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Cutting
We had three options for cutting the sheet metal, laser cutting, plasma cutting, and waterjet. Each
has its own benefit and disadvantages when it comes to cutting material. Since the material is
thin aluminum sheet metal, we decided on laser cutting as the best option. This method on thin
aluminum sheet metal has a better cutting speed, higher cutting accuracy, and a lower operating
cost compared to waterjet and plasma cutting.
We were able to get a reference from a company called Alro about how big their laser cutting
machine are. Their machines can’t cut bigger than 36” x 48” sheet metal. This allowed us to play
with different sheet sizes and cutting layouts to find the best solution. We started with the tops
and the bases on separate sheets, but this gave us an uneven number of tops and bases when
trying to reach the total 50 fixtures. To fix this issue of having an uneven number of tops and
bases we decided to use one sheet and fit both tops and bases on it. For the final metal sheet, we
chose the size 36” x 36” which fits 5 tops and 5 bases. If we get 10 sheets, then we will hit 50
fixture mark.

Figure 14: Sheet Metal Blank of Base and Top

Figure 15: Cutout of Top

Figure 16: Cutout of Base

Bending
With the tops and the bases cut, it is time to bend the base to the desired shape. The process of
pressing down on the sheet metal will be used to bend parts of the cut sheet metal to desired
angles to make a shape. We will use a press brake to do this. A press brake is a hydraulic
machine that presses down on the sheet metal into a mold to form an angle. The base will have 4
bends to make the final shape of the base. We were able to calculate the total length of the base
from a 3D model and determine the bend location using this equation from the Machinery’s
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Handbook. This equation uses the inner radius of the bend and the thickness of the material to
determine the length of the bend.
Formula: L=(.64*T) + (1.57*R) (Machinery’s handbook 30th edition, 2016)

Brazing
The top and the base with be connected with brazing. This process uses a non-ferrous filler
material to join two pieces of metal together. The filler material must have a lower melting point
than that of the joining materials so that the joining materials do not melt. The front seam of the
base will be brazed along with the entire top plate to the base. This should make the lamp rigid
while preventing any light from escaping though any gaps that would have appeared between the
top and the base. We looked at other methods such as welding. This process joins two pieces of
metal through fusion. The problem with this is that aluminum has a lower melting point,
compared to other metals, aluminum will melt faster. Since the material we are using is so thin
the material will not join, it will just melt with welding.

Figure 17: Final Formed Model from Sheet Metal

Powder Coating
The light fixture needed to be coated to withstand the elements. Powder coating offers many
desirable characteristics such a high temperature resistance when the sun is shining. The coating
is also able to withstand bending at freezing temperatures so as a stationary piece the coating
won’t break off. This type of powder coating also offers chip and scratch resistances from any
debris as well as creates a non-reflective finish for when the sun or car lights may hit it.
The powder coating is applied to the fixture via a paint gun. The gun positively charges the
coating as it passes through the nozzle. The fixture is attached to a ground to negatively charge
it. When the paint is applied it creates an electrostatic bond. The paint is then cured by heating
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the part in an oven to around 400° Fahrenheit. This bond can hold together for many years
providing a long lasting and economical coating to most metal surfaces.

Cost Estimation
After creating the manufacturing process for the light fixture, it was compared to the price of all
potential models, including the competing light fixtures and the light fixture created by the
previous group. Unfortunately, the previous group did not have an accurate cost associated with
their design. Using our research to find aluminum for manufacturing, we found that the cost for
their aluminum, sheet and tubing, were very low. In addition, this group did not include the cost
of production for their custom-made light bracket or the cost of labor. All these items would
greatly increase the total cost of their model.
For our model, the cost of materials, which included the aluminum sheet and light hardware,
came out to be $16.26. The overall labor for the model, for cutting, bending, and brazing, was
$32.74. Lastly, the cost for powder coating the outside of the fixture was estimated to be $8.00.
This gave our model a total cost of $57.00. This cost is $20.00 more than the previous group’s
model, but as stated before their cost was inaccurate. The cost of our model is under the cost of
the competing light fixtures from the condominium, which were $64.00 and $67.00. This makes
our model a better choice for Cedaridge Condominiums as it has a low cost and fits the theme of
the complex.

Figure 18: Previous Group’s Cost Estimate

Figure 19: Our Cost Estimate
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Results and Discussions
The team was able to provide both the redesign deliverable and manufacturing plan that the
sponsor requested. Our redesign provides a light fixture that prevents any unnecessary light
spread that can also be easily cleaned due to the open bottom. The photos below show the final
foam core model on the exterior of one of the garages at the Cedaridge Condominium complex.
If there was more time the team would have liked to create a more permanent model. The foam
core model has been in place of one of the old fixtures at the condominium complex for the last
few weeks. The model has allowed the for the comparison between itself and the old fixtures by
the condominium residents while showing the benefits of a light that helps prevent light
pollution. Our light design also is less expensive than the previous group when cost estimates
are corrected for materials and labor.

Figure 20: Foam Core Model on Garage Wall

Figure 21: Light-Spread on Garage and Ground

Conclusion
Over this project, the team was able to use the criteria provided by the sponsor to create a final
deliverable of a redesigned light fixture, as well as a plan that can be used for production in the
future. This redesign provides a replacement for the 40-year-old light fixtures that are currently
on the garages at the Cedaridge Condominium. It meets all the International Dark-Sky
Association’s requirements and has a style to compliment the buildings. The redesign’s open
bottom also allows for the easy replacement of bulbs and upkeep. A permanent model was not
able to be created due to the current COVID nature of the world. A foam core model was created
to represent the final redesign.

Recommendations
With the design process laid out and an estimated cost provided we recommend moving forward
in replacing all the light fixtures at Cedaridge Condominiums. This would include replacing the
light fixtures on the garages, which is what this project pertained to, as well as the walkway
lights and streetlights. The streetlights currently do not follow IDA regulations, so they will need
to be redesigned. We would also recommend replacing all LED light plates with LED bulbs in
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the walkway lights to allow for easier replacement. A cohesive design should be kept in mind
when replacing the street and walkway lights that will follow the design that has been provided
by this project.
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